Background 39 Buruli ulcer is a necrotising infection of skin and soft tissue caused by 40 Mycobacterium ulcerans (M. ulcerans). Buruli ulcer most often occurs on limbs, and 41 it is hypothesized this is explained by direct exposure to the environment. However, 42 even on exposed areas Buruli ulcer is not randomly distributed. M. ulcerans prefers 43 an in vitro temperature of 30-33°C and growth is inhibited at higher temperatures. 44 This study investigated whether variations in skin surface temperature distribution in 45 healthy volunteers could partly account for Buruli ulcer lesion distribution. 46 47 Methodology/Principal Findings 48
leprae, the causative organism of leprosy [10] . Human-to-human transmission is not 112 thought to be of public health significance [11] . 113 Buruli ulcer lesions are most common on limbs [1, 9, [12] [13] [14] [15] [16] . We postulate that skin 114 on these areas of the body is more likely to be exposed to a contaminated 115 environment than other areas of the body, for example the trunk. Recently, 116 computer-generated density maps of Buruli ulcer lesion distribution have been 117 created by analysing the locations of 649 confirmed lesions in Victoria, Australia from 118 1998 Australia from 118 -2015 . A highly non-random distribution was found, favouring distal limbs, 119 particularly ankles, calves and elbows. Palms of the hands and soles of the feet were 120 rarely affected. These findings are in keeping with the mosquito vector and direct 121 contamination hypotheses of transmission, as most lesions occurred on commonly 122 exposed areas of the body (i.e. limbs). However, palms of the hand and soles of the 123 feet are rarely sites of Buruli ulcer lesions. This suggests an additional factor or 124 factors are involved in the localisation of lesions beyond just direct environmental 125 contact. For example, trauma, insect bites, or the preference of M. ulcerans to grow 126 at cooler body sites [9] . This study aimed to investigate whether skin surface 127 temperature distribution can explain variation in Buruli ulcer incidence in different 128 regions of the body and between different demographics (i.e. age and sex 129 categories).
Data collection 154
A thermal camera (FLIR E8) was obtained to measure skin surface temperature from 155 a distance of 30cm at the sternal notch and at 44 predetermined locations on the 156 limbs (see Appendix 1 and 2). The thermal camera used in this study had spatial 157 resolution identified as sufficient for the evaluation of human skin temperature [17], 158 and the lead researcher attended a 4 hour training course provided by the 159 manufacturer (FLIR Systems, 18/03/2018). We measured locations specifically on the limbs as these areas are commonly affected by Buruli ulcer and postulated to be 161 commonly exposed to the environment. However within these exposed areas there 162 is variation in lesion prevalence, and so by measuring relative temperature at 163 different limb locations we investigated whether this variation may explain the known With respect to the 7 high Buruli ulcer incidence locations, 6 (86%) had mean skin 301 surface temperature significantly lower than the mean of all other locations combined 302 when testing with Mann-Whitney U tests (Fig 2) . These locations were elbow, 303 anterior lower shin, lateral malleolus, medial malleolus, posterior lower calf and 304 posterior mid calf. One (14%) high Buruli ulcer incidence location, posterior upper 305 calf, did not have mean temperature significantly different from the mean of all other 306 locations combined. No high Buruli ulcer incidence locations had mean temperatures 307 significantly higher than the mean of all other locations combined. Notably, two low 308 incidence locations were also within the same temperature range as high lesion 309 density locations; anterior mid thigh and posterior mid arm. Analysis of skin surface temperatures by sex and age group are shown in Table 3 . 313 All male and all female measurements were compared using a Mann-Whitney U test.
The male group had a significantly higher skin surface temperature overall than the 315 female group (p<0.0001), with a mean of 30.6°C compared to 29.6°C respectively.
316
When comparing all upper limb measurements, males had a significantly higher 317 mean skin surface temperature than females (31.5 and 30.8°C respectively, 318 p=0.0003). When comparing all lower limb measurements, males also had a 319 significantly higher mean skin surface temperature than females (30.2 and 28.9°C 320 respectively, p<0.0001).
321
The skin surface temperature measurements of the three age groups were 322 compared using a Kruskal-Wallis test and found to be significantly different 323 (p<0.0001). The ≤15 age group had an overall mean skin surface temperature of . However, these data should be considered with 326 caution as we were only able to recruit 2 participants for the ≤15 age group.
327
To enable comparison to previously published work, anterior and posterior mid arm We have found that overall, the three Buruli ulcer incidence location groups derived 344 from previously published work had significantly different median skin surface 345 temperatures. The highest incidence group had the coolest median temperature, the 346 lowest incidence group had the highest median temperature, and the middle 347 incidence group fell in between. In addition, the linear mixed effects regression 348 analysis estimated that skin surface temperature accounts for 9.5% of the variance Buruli ulcer lesion distribution has been found to differ between men and women, 356 and between age groups. For example, men have been found to be more likely than 357 females to have lesions on upper limbs, and less likely to have lesions on lower limbs [9, 15] . Those ≥65 years of age have been found to be less likely to have a 359 lesion on the arm and shoulder than those <65 [9] . We investigated whether these 360 differences between age and sex correlated with differences in skin surface 361 temperature distribution. We found that men had significantly higher skin surface 362 temperatures than females for both upper and lower limbs. There was no significant 363 difference in mid arm measurements found between those <65 and those ≥65. As 364 such, we conclude that differences in skin surface temperature distribution found in 365 this study do not account for differences in Buruli ulcer lesion distribution between 366 age and sex groups.
367
Our findings add some support to the aerosol-dissemination and reactivation 368 hypothesis of transmission as we found a negative correlation between skin surface 369 temperature and Buruli ulcer lesion distribution. However, the association is weak 
376
To our knowledge, the skin surface temperatures of high, medium and low Buruli 377 ulcer incidence lesion locations have not been previously studied. Several studies 378 have examined skin temperature distribution more generally and found that the trunk 379 is warmer than limbs, and proximal areas of limbs warmer than distal areas [18, 19] .
380
The results from this study are consistent with these observations, finding that the 381 sternal notch on the trunk had a mean skin surface temperature higher than 21 of 22 382 measured limb locations. In addition, the mean foot measurements were colder than mean mid thigh measurements, and the mean dorsal hand temperature was colder 384 than mean posterior mid arm. In contrast, the mean temperature for palm of hand 385 was warmer than that of the anterior mid arm. are difficult to ascertain and were not controlled for. Lastly, the non-Gaussian 415 distribution of the data and correlation between adjacent regions of the body may 416 limit the appropriateness of the linear regression model.
417
In conclusion, we have found that there is an inverse relationship between skin 418 surface temperature in healthy volunteers and previously published Buruli ulcer 419 lesion distribution. However relative skin temperature appears to be only weakly 420 associated with Buruli lesion distribution, meaning that more than 90% of the 421 clinically observed non-random distribution is likely to be explained by other factors 422 such as clothing choice, skin trauma and targeting behaviour by insects. 
